Objectives: The aim of our research was to describe cultural, socioeconomic and nutritional determinants associated with functional food consumption. Methods: Cross-sectional design in 5000 military men. Using mailed questionnaires, the functional food consumption frequency was recorded. Results: Margarines fortified with phytosterols or phytostanols were used on a daily basis by 26.3% of the responders. Only 4.7% took a daily portion of probiotics, whereas 14.0% consumed one or more portions of nuts a week. One man out of three consumed one cup of tea daily, whereas 10.2% consumed one glass of red wine daily. Three or more portions of fruit a day were consumed by 19.1%, and two or more portions of vegetables a day by 26.6%. Only 12.3% consumed a portion of fatty fish weekly. After adjustment for age, body mass index, physical activity, use of vitamin supplements, smoking, marital status, cultural background, educational and income level, the daily consumption of fortified margarines increased with age. The consumption of fermented dairy products increased with physical activity and with the use of vitamin supplements. The consumption of fortified margarines, nuts, tea and fatty fish was strongly influenced by cultural background, with higher consumptions for Flemish-speaking men compared with French-speaking persons. Daily consumption of red wine was higher in French-speaking men and in higher educated men. Finally, functional food consumption was associated with a healthy dietary pattern. Conclusion: Age, physical activity, level of education, use of vitamin supplements and cultural background are predictors of functional food consumption patterns.
Introduction
The increasing evidence of a worldwide epidemic of obesity, with associated chronic diseases (Vansant and Muls, 1999) , together with the health-related awareness of the public, had a stimulating role in the development of functional foods. The European Commission Concerted Action on Functional Food Science defined a food as functional if it is satisfactorily shown to affect beneficially one or more target functions in the body with an improvement in health and well-being, and/or reduction of risk of diseases as consequences (European Commission Concerted Action on Functional Food Science, 1999).
Since 1998, probiotics and food enriched with phytosterols, or phytostanols, or with omega-3 fatty acids appeared in supermarkets, accompanied by media messages and advertisements promoting the possible health-optimizing effect of those new products (Wrick, 1995; Jacobson and Silverglade, 1999; de Jong et al., 2003) .
Surprisingly, many different functional foods have been developed and marketed since then, but little is known about consumer's profiles. Research concerning characterization of the functional food consumers has been limited to sociodemographic and attitudinal indicators (Anttolainen et al., 2001; Bogue et al., 2005; Niva, 2007) . Moreover, the relation between the consumption of functional foods, education and age were conflicting: both high and low education levels have been associated with a higher consumption of functional food (Anttolainen et al., 2001; Bogue et al., 2005; Niva, 2007) . The relationship between functional food intake and age is mainly dependent on the type of functional food: cholesterol-lowering margarines are used more frequently in the older age categories, whereas an inverse relation exists between age and the use of probiotics (Anttolainen et al., 2001; de Jong et al., 2003; Simojoki et al., 2005) .
To our knowledge, consumption of functional foods has never been related to specific dietary patterns.
A problem for researchers is that the concept 'functional food' does not represent a homogeneous group of foods and diverse health-related concepts are involved. This means that the consumption of functional foods can be strongly influenced by the type of health claim and that explanatory variables are product dependent (de Jong et al., 2003; Niva, 2006) .
The primary aim of this paper is to describe the cultural, socioeconomic and nutritional determinants in the functional food consumption patterns. To determine whether functional foods are associated with a specific dietary pattern, we used principal component analysis to associate dietary patterns with functional food consumption.
We selected a Belgian population, because two culturally very distinctive backgrounds (that is, French speaking in the southern part and Flemish speaking in the northern part of the country) live and work together in comparable socioeconomic environments, and are exposed to almost the same intensity of marketing for functional food. A cultural diversity in dietary patterns in Belgium has already been shown in comprehensive epidemiological research in 1989 and 2006 (Kornitzer and Bara, 1989; Devriese et al., 2006; Mullie et al., 2006) .
Methods
In February 2007, air and terrestrial components of the Belgian army totalized 33 053 men. We randomly selected 5000 men after stratification for military rank and age, representative for the total army structure. The selection consisted of 598 officers: 2103 non-commissioned officers and 2299 soldiers.
The following functional foods were selected according to the position paper of the American Dietetic Association (Table 1) (Hasler et al., 2004) : margarines fortified with phytosterols or phytostanols, fermented dairy products with probiotics, nuts, black tea, red wine, fruits, vegetables and fatty fish. Those specific functional foods were selected because there was a moderate-to-strong health-protective scientific evidence according to the Food and Drug Administration levels of scientific evidence.
A semi-quantitative food-frequency questionnaire with 150 food items was sent to the subjects using the following categories of consumption frequency: never, one to three times a month, once a week, two to four times a week, five to six times a week, once a day, two to three times a day, four to six times a day and more than six times a day. Portion sizes were predefined using familiar measuring devices (teaspoon, glass, cup and so on). The validity of the questionnaire was tested on a sample of 100 men representative for our participants. They were asked to complete two semi-quantitative food-frequency questionnaires (SFFQ1 and QFFQ2) with 2-week interval together with 4 days food records (4DFR). The correlation coefficients for energy-adjusted nutrients between SFFQ1 and SFFQ2 ranged between 0.42 (vitamin A) and 0.79 (total energy intake). The correlation coefficients between SFFQ1 and 4DFR ranged between 0.05 (vitamin A) and 0.50 (total energy intake). The correlation coefficients between SFFQ2 and 4DFR ranged between 0.01 (vitamin A) and 0.52 (total energy intake). The percentage individuals classified in the same tertile comparing SFFQ1 and 4DFR ranged between 33.7% (vitamin A) and 52.6% (total alcohol intake) (Mullie et al., 2009) .
For the construction of the binary logistic models, the categories of consumption of the semi-quantitative foodfrequency questionnaire were combined in the following categories according to the recommendations in Table 1 . Black tea, the consumption frequency was: daily consumption versus never. As to fortified margarines, fermented dairy products with probiotics and red wine consumption: more than or equal to five or six times a week in daily use; and less than or equal to two to four times a week in never use. Nuts and fatty fish consumption, more than or equal to one time a week in weekly use; and less than or equal to one to three times a month as never use. Fruit consumption was dichotomized as X3 portions of fruits/day versus less, and vegetables as X2 portions of vegetables/day versus less (Table 1) .
A second questionnaire was used to register health-related and lifestyle characteristics. This questionnaire was a more general questionnaire about smoking, marital status, main occupation, age, weight, length, number of children and knowledge of cardiovascular risk factors. This questionnaire was used in previous research (Autier et al., 2003) . Yearly gross salary was obtained from administrative services, taking into account the rank and years of active duty.
For descriptive statistics, number and percentages were calculated for all the specific individual characteristics. The age categories were 20-29, 30-39, 40-49 and 50-59 For daily or weekly consumption of functional foods versus no consumption, age-adjusted and multivariate odds ratios (ORs) were calculated using logistic regression. The variables in the adjusted model were entered simultaneously to account for the effects of all covariates. Use (1) or non-use (0) of functional foods was examined, taking into account the following predictors: age, body mass index, physical activity, use of vitamin supplements, smoking, marital status, cultural background, educational and income level.
To identify dietary patterns, we applied principal components analysis to the data of the semi-quantitative foodfrequency questionnaire. We firstly classified the 150 food items into 34 predefined food groups with similar nutrient profile, according to Hu et al. (2000) . Principal components analysis was used to derive dietary patterns based on the 34 food groups. Varimax transformation was effectuated to achieve uncorrelated factors with a greater interpretability. Components with eigenvalues more than 1.5, interpretability of the factors and Scree plot were used to determine the number of selected factors. The eigenvalues of the factors dropped after the second factor (from 2.44 to 1.77) and after the third factor (from 1.77 to 1.44). The remaining factors were more similar after the fourth factor (ranging from 1.38 for the fifth factor to 1.10 for the tenth factor). Three major dietary patterns were clearly identified for further analysis. The factor scores for each pattern were constructed by summing up the observed intakes of the component food items, weighted by the individual factor loadings. Those factor scores rank individuals according to their agreement with each dietary pattern. For daily or weekly consumption of functional foods versus no consumption, age-adjusted OR were calculated using logistic regression. The variables in the age-adjusted model were entered simultaneously to account for the effects of all covariates. Use (1) or non-use (0) of functional foods was examined, taking into account the three dietary patterns. SPSS 14.0 (SPSS Inc. Chicago, IL, USA) statistics software was used. A two-sided significance level of 0.05 was defined. The Bioethical Committee of the University of Leuven approved the complete research protocol. An informed consent was signed by all the participants. Table 2 presents the demographic and lifestyle characteristics of the subjects. Out of the 5000 selected men, only 1852 participated in the study. The most prevalent age category was 40-49 years, married or living with a partner (76.9%) and nonsmokers (76%). About 58% had a BMI X25.0 kg/m 2 ; 43% had French as first language and 57% Flemish, whereas 42.6% had a low level of education. Responders to our mailing tended to be older than non-responders (74.3% were older than 40 years compared with 61.4% for the non-responders), and the responders had about the same distribution concerning the cultural background as the non-responders. Table 3 presents the functional food consumption frequency. Fortified margarines were used on a daily basis by 26.3% of the responders. Only 4.7% took a daily portion of probiotics, whereas 14.0% consumed one or more portions of nuts a week. One men out of three consumed one cup of tea daily, whereas 10.2% consumed one glass of red wine daily. Three or more portions of fruit a day were consumed by 19.1% and two or more portions of vegetables a day by 26.6%. Only 12.3% consumed a portion of fatty fish weekly. Functional food consumption in relation to responders' characteristics revealed an increasing daily consumption of fortified margarines with increasing age, BMI and income (Table 4) . Furthermore, being married and having the Flemish cultural background were associated with higher fortified margarines consumption. After adjustment for age, body mass index, physical activity, using vitamin supplements, smoking, marital status, cultural background, educational and income level (Table 4) , we found that increasing age, being married and the cultural background remained associated with a higher consumption of fortified margarines. For black tea, the frequency of use was daily consumption versus never. For fortified margarines, consumption of fermented dairy products with probiotics and red wine consumption: more than or equal to five to six times a week in daily use; and less than two to four times a week in never use. For nuts and fatty fish consumption, more than or equal to one time a week in weekly use; and less than one to three times a month as never use. Fruits were dichotomized as X3 portions of fruits/day versus lower, and vegetables as X2 portions of vegetables/day versus lower.
Results
The daily consumption of probiotics was positively associated with high physical activity and with regular use of vitamin supplements. The association of probiotics with smoking was negative. These associations were still present after adjustments. A weekly or more frequent consumption of nuts was associated with a lower BMI and regular use of vitamin supplements. Nut consumption patterns were markedly associated with cultural background, with a higher consumption for Flemish-speaking men compared with French-speaking men.
After adjustments, it was found that tea consumption was strongly related to cultural background, with an OR multivariate of 3.58 for Flemish-speaking persons compared with Frenchspeaking persons.
The consumption of red wine was positively associated with both socioeconomic indicators education and income, with an OR age-adjusted of 1.78 and 1.62, respectively. The cultural indicator Flemish speaking was strongly associated with lower wine consumption (OR age-adjusted ¼ 0.48). The association of red wine consumption with income disappeared after adjustments were made.
Consuming three or more portions of fruit a day was positively associated with physical activity, regular use of vitamin supplements and educational level, and negatively with smoking. Similarly, a higher consumption of vegetables was associated with a higher physical activity level and regular use of vitamin supplements. Those relations remained after performing adjustments.
A higher consumption of fatty fish was associated with age and Flemish speaking (OR multivariate ¼ 1.87). Table 5 presents the factor-loading matrix for the three major factors identified by using food consumption data from the food-frequency questionnaire. The greater the factor-loading for a specific food group, the greater the impact of that food group to a specific factor. The first factor was heavily loaded with red meats, processed meats, beer, garlic, tomatoes, wine, eggs, poultry, liquor, organ meats and vegetables. This factor explained 7.4% of the total variance, and we labeled this factor Meat dietary pattern. The second factor, explaining 7.2% of the total variance, was more loaded for tomatoes, fruit, low-fat diary products, whole grain, vegetables, cold breakfast cereals, fruit juice, fish, tea and nuts. We labeled this factor Healthy dietary pattern. The last factor, explaining 6.2% of the total variance, was heavily loaded with red meats, processed meats, sweets, desserts, snacks, high-energy drinks, high-fat diary products, refined grains, mayonnaise and potatoes. We labeled this factor the Sweet dietary pattern. The functional food consumption was strongly related to the healthiest dietary pattern (Table 6 ).
Discussion
The primary aim of our study was to identify determinants in the functional food consumption patterns. We found that age, education, physical activity and regular use Odds ratios within a column were statistically significant from 1.00 (Po0.05); for operationalization of variables, see Methods section of the article.
Functional food and dietary pattern P Mullie et al of vitamin supplements were good predictors. Another powerful predictor was cultural identity: living in the north of Belgium (Flemish speaking) was associated with a higher consumption of functional food compared with the southern part (French speaking). de Jong et al. (2003) found a predictive role for physical activity, use of vitamin supplements and education level for consumption of functional food in a Dutch population. In general, a higher level of education was associated with a higher consumption of functional foods (de Jong et al., 2003; Niva, 2006; Landstrom et al., 2007) . This relation could not be confirmed by other researchers (Anttolainen et al., 2001; Urala and Lähteenmäki, 2007) . It was found that 26% of the participants had a daily consumption of margarines enriched with phytosterols or phytostanols. In , de Jong et al. (2003 found that in the Netherlands only 3% of their cohort consumed fortified cholesterol-lowering margarines. The introduction of those products on the market was around 1998, which is 10 years before our investigation. This means that our population may have been more exposed to marketing and healthrelated messages about functional food. This can influence consumer's attitudes. Second, the Dutch study group consisted of 1552 men and women, representative of the population regarding age, gender, household composition, health-care insurances and geographic distribution. In our study group, a greater awareness of health can be suspected in responders compared with non-responders. Therefore, because of this greater awareness, functional food consumption could be positively influenced in the responders. Third, we included only men, with probably greater awareness of cardiovascular diseases, as men are more prone to these diseases. This might specifically influence the consumption of margarines enriched with phytosterols of phytostanols.
Concerning the use of probiotics, no clear multivariate predictor could be detected, except for physical activity and use of vitamin supplements. Landstrom et al. (2007) and de Jong et al. (2003) found a significant higher consumption of probiotics in women than in men. Owing to the low probiotics consumption in our male population the model may have insufficient power to detect predictors.
In our study, with a response of only 37%, we were able to gather information about the non-responders. Our responders were older than non-responders. Therefore, consumption of some functional food might be different due to the age-dependent influence. Consumption of fortified margarines may be overestimated, as these have been associated with age in previous research (Anttolainen et al., 2001; de Jong et al., 2003; Simojoki et al., 2005) .
A military population was selected for this study. This population has the advantage of limiting the influence of occupation as socioeconomic determinant, which allowed Table 2 for food groupings.
us to restrain our investigations to the influence of income and education as socioeconomic indicators. The sample can be seen as representative for Belgian army men. However, due to the different manual and non-manual tasks, occupations and education levels present in an army, our sample can be seen as a representative sample for men with an occupation. Moreover, our nutritional and lifestyle results match with the results of a recent cross-sectional research on a representative Belgian male population (Devriese et al., 2006) . Functional food consumption was clearly associated with a healthier dietary pattern. However, due to the cross-sectional design of our study, we were unable to conclude that a healthy dietary pattern predicts functional food consumption, nor can we conclude that functional food consumption is associated with a healthy eating pattern. Our data do not support the fact that functional foods are used as compensation behavior for less healthy lifestyles. A general healthy dietary pattern will reinforce the possible health benefits of functional foods, and both must be intrinsically seen together.
In conclusion, we found that age, physical activity, regular use of vitamin supplements, cultural background and level of education are predictors for functional food consumption patterns.
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